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Candela-class high-brightness InGaN/AIGaN double-heterostructure blue-light-emitting diodes 

Shuji Nakamura, Takashi Mukai, and Masayuki Senoh 

Department of Research and Development, Nichia Chemical Industries, Ltd., 491 Oka, Kaminaka, Anan, 
Tokushima 774, Japan 



(Received 2 December 1993; accepted 5 January 1994) 

Candela-class high-brightness InGaN/AIGaN double-heterostructure (DH) blue-light-emitting diodes 
(LEDs) with the luminous intensity over 1 cd were fabricated. As an active layer, a Zn-doped InGaN 
layer was used for the DH LEDs. The typical output power was 1500 \iW and the external quantum 
efficiency was as high as 2.7% at a forward current of 20 mA at room temperature. The peak 
wavelength and the foil width at half-maximum of the electroluminescence were 450 and 70 nm, 
respectively. This value of luminous intensity was the highest ever reported for blue LEDs. Applied 
Physics Letters is copyrighted by The American Institute of Physics. 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To obtain a GaN deposited wafer in which a GaN thin film 
having an excellent crystallinity is deposited by forming AlN single crystal making 
it possible to be chemically polished as the substrate of the wafer. 

SOLUTION: The main surface made of an AlN substrate 1 of a plane (0001) is formed in 
a flat surface by mechanical polishing. Then, after the main surface of the 
substrate 1 is cleaned, dried and the polished surface is chemically etched. 
Subsequently, a GaN thin film is deposited on the substrate 1 by organic metal vapor 
growing method, thereby manufacturing a GaN deposited wafer 3. The half value width 
of the locking curve in an X-ray diffraction of the deposited Al 0.03Ga0.97N thin 
film is narrow, and the crystallinity is excellent. No defect due to the polishing 
damage is observed on the surface of the substrate 1 and the surface of the 
deposited thin film and they are flat. The wafer can be cleaved in plane (1100) or 
(1120) perpendicular to the wafer surface. 
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